In Drosophila ovary, germline stem cells (GSCs) reside in a somatic cell niche that provides them signals necessary for their survival and development. Escort cells (ECs), one of the constituents of the niche, help in differentiation of GSC daughter cells. Since nutritional state is known to affect oogenesis, we set out to address the role of a metabolic sensor.
Introduction
Stem cells need signals from their specialized environment or 'niche' for their survival and development. An established system to study this stem cellniche interaction is the ovary of Drosophila melanogaster that contains 14 Since diet has been shown to impinge on oogenesis, a possible role of Sir2, specifically in a non-autonomous manner, has not been elucidated. In wild type germaria, Sir2 expression has been observed in germline cells but is confined only to regions 1 and 3 with its level going down in regions 2a and 2b.
This observation is concomitant to the fact that Sir2 has a significant function in the regulation of pachytene checkpoint and checkpoint is suppressed in regions 2a and 2b. Failure to suppress pachytene checkpoint, as has been found in lossof-function mutations of Sir2, gives rise to defects in oocyte determination (Joyce and McKim, 2010; Pek et al., 2012) . In this study, we have reported that
Sir2 is also present in somatic cells and our findings underscore a non-cell autonomous control of the Sir2 in Drosophila ovary. We establish that loss of Sir2 in somatic cells affects differentiation of germline cells and Sir2 epistatically interacts with both Dpp and Upd2 to exert its control over oogenesis.
Materials and methods

Fly Stocks
The following stocks were used: w 1118 was considered a control genotype.
The Gal4 stock c587-Gal4 and Sir2-GFP (CB02821) were obtained from 
Immunostaining and antibodies used
Immunostaining of ovaries was performed using a method described earlier (Ayyub et al., 2015) . Briefly, ovaries were dissected in PBS and fixed in 4%
Formaldehyde for 20 minutes. After washing in PTX (PBS with 0.3% Triton X-100), the ovaries were incubated in primary antibody diluted in PTX overnight at 4C. Next day, they were thoroughly washed in PTX and then incubated in secondary antibody for 2 hours at room temperature. After another course of washes, the ovaries were incubated in 1 µg/ml of Hoechst for 10 minutes followed by an additional set of washes and mounting in Vectashield.
Primary antibodies were used in this study at the following dilutions: rat and rabbit anti-GFP (1:10000) were obtained from the Molecular Probes, Bangalore, India and were.
Olympus FV1000 confocal microscope was used to acquire images.
Images were processed by Adobe Photoshop 7.0 and Olympus Fluoview version FV10-ASW4.0 viewer.
fertility assay
Single virgin females were crossed to 3-4 control males to set up lines. Progeny from each line were counted.
dedifferentiation experiment with hs-bam construct
We followed the method described in . Briefly, flies grown at 18ºC and aged for 4-5 days at 25ºC were heat shocked at 37ºC for 1h 20 mins, followed by a recovery period of 2h 20 mins and another heat shock at 37 ºC for 1h 20 mins. Flies were then maintained on fresh food at 25ºC till immunostaing.
Statistical analysis
We have presented the data as mean ± standard deviation and P-values were calculated using one-way ANOVA in OriginPro 2015. For drawing graphs, Microsoft Excel was used.
RESULTS
Escort cells of the germarium express Sir2
Earlier studies showed that in the Drosophila ovary, Sir2 is expressed in 
Reduction of Sir2 in ECs produces germaria with ectopic GSC-like cells
To investigate whether Sir2 in the ECs had any role in ovary development and oogenesis, we used the Gal4-UAS system (Brand and Perrimon, 1993) . The However, on assaying for activated Caspase 3, a marker for programmed cell death, we found increased apoptosis in c587-Gal4::Sir2i (Figs. S3A-B). As expected, fertility of 21D old c587-Gal4::Sir2i females was significantly reduced with respect to the control females (Fig. 1H) .
In a parallel experiment, we also employed tj-Gal4 that expresses in both ECs and CpCs (Li et al., 2003) to knockdown Sir2 simultaneously in both of these cell types. Here, we observed an age-dependent germarial phenotype that was similar to but weaker than the only EC-specific abrogation of Sir2 (Fig.   S2A ). Incidentally, fertility of these females tested 21D after eclosion in single pair crosses was also substantially reduced in comparison with the control (Fig.   S2B ). Given this, we restricted our further investigations into the role of Sir2 in oognesis to its knockdown only in ECs i.e. c587-Gal4::Sir2i (henceforth denoted only as Sir2i).
EC-specific Sir2 restricts Dpp signalling in the niche and controls differentiation of CBs
Accumulation of GSC-like cells in germaria occurs when there is an increase in occupying the anterior-most region of the germarium ( Fig. 2A) . In contrast, in
Sir2i germaria, the pMad-expressing cells (3.02 ± 0.92, n=82; P<0.0001) were located even several cell diameters away from the CpCs (Figs. 2B and SD-D').
As mentioned in earlier studies , (Fig. 2G) . These results indicate that Sir2 expression in EC has a role to restrict Dpp beyond the niche. Interestingly, for the dpp RNAiB transgene, in addition to the rescue to the normal phenotype, there was a large number of empty germaria (50%, n=122 germaria), which is a characteristic phenotype of the loss of dpp (Fig. S4) . Together, these findings clearly illustrate that Sir2 functions upstream of Dpp signalling.
Downregulation of Sir2 in ECs does not change the number of CpCs but confers a mixed identity of the CpCs
Our data presented so far reveal that the up-regulation of Dpp signaling in Sir2i number in Sir2i is comparable with the corresponding control ( Fig. S3C-D) .
Additionally, an interaction between the niche and the germline cells, which is essential for the latter to proliferate, is mediated by the EGFR-MAPK pathway there was no significant change in Sir2i with respect to the control (Fig. S3E-F) .
EC-specific Sir2 interacts with Upd2 to restrain Dpp signalling
As mentioned in the introduction, a feedback regulation between Dpp and JAK/STAT signaling plays an important role in ovary development (Decotto As already mentioned, by 21D Sir2i develops tumorous germaria. At the same age, the germless phenotype exhibited by upd2i was weaker (4.6% germaria, n=90) than that of the young flies. But notably, these flies exhibited a strong tumorous phenotype with 22.1% germaria having 6-10 SCCs and 50% germaria having >10 SCCs. Interestingly, this unique phenotype in upd2i was ameliorated when it was in combination with Sir2i. There were more normallooking germaria (56.6%, n=90) compared to the individual genotypes whereas the germless phenotype (37.8% germaria) became predominant. These further corroborated the earlier findings and supported that there is an interaction between Sir2 and upd2, and indicated their importance in germline differentiation.
De-differentiation of the germline cells is dependent on Sir2 in ECs
Previous GSCs increased up to 70.0% (n=60) clearly indicating de-differentiation of the artificially differentiated cysts that was observed at 1D AHS (Fig. 4E) ).
Similar to c587-Gal4::hs-bam, c587-Gal4::Sir2i::hs-bam was found to have only 10.1% of germaria (n = 85) with GSCs in their niche 1D AHS. However, at 7D AHS, there were 33.9% (n = 60) of the germaria with pMad-positive cells, which was much less than the hs-bam control. These data suggest that here too some of the Bam-induced Fusome-carrying cells have possibly undergone dedifferentiation to replenish GSCs in the niche. However, it is important to note that EC-specific abrogation of Sir2 dampened the de-differentiation potential of differentiating cysts into GSCs. In other words, our findings imply that in addition to the low level of Dpp in ECs , Sir2 has a significant role to play in the de-differentiation of ectopic cysts to GSCs in the germaria.
However, how exactly Sir2 acts in de-differentiation in a Dpp-independent manner remains to be elucidated. Specifically, the data presented in section 3.5 ( Fig. 3E) 
DISCUSSIONS
Reduction of Dpp in ECs in
Sir2i with dpp RNAiB transgene (depicted as dppiB), produces 43.4% of normal germaria but a large number of empty germaria (50%, n=122 germaria) too which is a characteristic phenotype of downregulation of dpp alone in ECs with c587Gal4 (n=50 and n=165 germaria for c587::dppiB and Sir2i, respectively). 
